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t h i t*nmmmv> ffif&miz ^ximimfezh. 

[ooi6] ^mmz^mmmm^tix^m^ 
MmizttztihMtt ( i ) , (in, (ii 

I ) , ( IV), (V) , (VI ) , (VII) X'%Z 

io ti&mmiti&iHzti^x . y^Yinmmm?. m 

«cor^^a, -fyrntfA*. ^y^f-^soip 

niAiLT, 2or;u^ffi C^f-/PS. 

xf-zPg, T-otr/l/S, 7^S^J:?&it$«<D7/l' 
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4 - M/ ^ f-/P7 5 y CX!=X 2 =X 3 =Me, X 4 = 
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= X 3 = X 4 =Me ) , 2-y?DA,Jfy;l,7 7y CX 1 
=cyclo-Hex, X 2 = X 3 = X«=HD, 2-Xf-a^ 
75y CX'=CCH, X 2 = X 3 =X«=HD , 3-?d 
D75V CX 2 = C 1 , Xi=X 3 = X< = HD , 3-7D 
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S?)ig£. f*7xy [Xi=X2=X3 = X 4 -H] . 2 
-^f;W7xy[Xi=Me, x 2 = X 3 = X 4 = 

X«=HK 2, S-^f/PW^x^ CX!=X 4 = 
Me, X 2 = X 3 = H). 3, 4-^fW7xV 
[ X 2-X3=Me . Xi=X4=H] . 2, 3, 4 - Ml 10 
^f/W7xV (Xi=X 2 = X 3 =Me. X 4 = I-n . 
2. 3, 4. 5-fb7^f/W7xy (xi=X2 = 
X3 = X 4 =Me), 3-y;nMy/W7xy CX 

2- cyclo-He X 1 =X 3 = X 4 =H;i . 2 -Xf-i^ 
f^7x^ CXi=CHCH 2 . X2-X3-X4=H] . 
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CH. X 1 = X 3 = X 4 = H]. 3-?DUf^7xy 
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f^7xy (X^ = F, xi-X 3 = X 4 = H] > 3-3- 
Ff^7xV CX 2 =I . X 1 =X 3 = X^=H3 . 2-h 
U^fvU^U/H-^xy CX> = S iMe 3 . X 2 = X 3 
= X 4 = H) . 3, 4-Xfl/yy'^yf^7xy 
CX 2 tX 3 ^OCH 2 CH 2 Or)g'&. X!=X 4 = H] % 
4, 5, 6, 7-rh5bFo^yy(cJ^7xy 
CX 2 i:X 3 *MCH 2 ) 4T&r£v Xi=X 4 =H) 4 if** 
*»ffefl&o Y 1 =NM e<7)i§^q\ N-^;l/t°Q~;l/ 
[X i =x2 = x3 = x 4 = H] . 2-^f-/U-N-^^ 30 
ea-/KX 1 =Me N x 2 = X 3 = X 4 = H) . 3-^f- 
^-N->f-;l/t°D-;l/ CX 2 = Me. X!=X 3 -X 4 = 
H). 2, 5-y7f/P-N-^WP-^ (X' = 
X 4 -Me v X 2 -X 3 = H] . 3, 
^^tro-;U CX 2 = X 3 -Me. X 1 -X 4 =H] . 
2. 3, 4^lMfvi/-N-;^7l/t 0 n-;l/ [X» = 
X 2 = X 3 =Me. X 4 = HK 2, 3,4, 5 -fb7 
^ f7l— N f-/Ut c o-^ [ X 1 = X 2 = X 3 - X 4 =M 
e), 3 - y ^ oMy;I/- N - ^f /Pt e P-^ ( X 2 
=cyclo-Hex s X 1 = X 3 = X 4 = H ) s 1, 2, 3, 40 
4, 5, 6, 7, 8-^^tHD-9-^f;WA 
C Xi t X 2 # ( C H 2 ) 4 Tte^. X 3 k X 4 # ( C 
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ty<7)MfomtlXli. MttfY z = Ocom-&. 2, 2' 
-t'yyy CX 5 =X 6 = X 9 = X 10 = H. 1X1=0] s 4 
-^f-A—2, 2' -t'77y(X 5 =Me, X 6 = X 9 
= Xio=H, m=0] . 3, 4' -i^f^-2, 2' 
-t*75> [X 5 =X 9 =Me, X 6 =Xio = H. m = 50 
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S 0 Y 2 = SC0ig£ s 2, 2' -t*^7xyCX5 = X 
6 ==X 9 = X 1 o = H. m = 0) . 4-^^-2, 2' - 
t'f^7xy(X5 = Me > xe = X 9 = X 1 o = H, m = 
0] . 4, 4' -^^;l/-2, 2' -t'-W7xV 
(X5 = X 1 o==lVIe. X6 = X 9 = H. m = 0] . 3, 
3' , 4, 4' -r h7^^-2, 2' -t'W7x 

y CX5 = X6 = X 9 = X»o = Me. m=0K 2, 

2' :5' , 2"-^-^7xy CX 5 = X6 = X? = 
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X° = X 6 = X 8 »X 9 = X"°»H. m= 1 K 4, 3"- 
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5 == x 9 =M.e. X 6 = X7 = X 3 = X 1 o = H > m=l ]. 
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X7 [2, 3-b]77V CY5 = 0, Y6=S, X^ = 
Xi 2 = HD , [2, 3-b] f*7x 

y CY 5 =Y 6 = S. X n =Me N X 12 = H] N 3, 4~ 
WWxy [2, 3-b] f^7x> CY& = Y6 = 
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b] f*7iy CY7 = Y8=S, X'3 = X'<=HD . f- 
xy [3, 2-b] 75V (Y? = 0. Y« = S. X»«- 
X 14 = HD, [3, 2-b]f-*7x 

y (Y7 = Y8 = S. X l3 = Me, X^H) . 3, 6- 
Wwxy [3, 2-b] f-jj"7xy CY^ = Y8 = 
S. X>»-X>«-Me)fc£j*WMi4.' fcrtfU * 

[0022] fflSHRrt (VI) "C^StliSBKR^ 
flTOftftMfc LTt±. «itfS/>xy [3, 2-b : 
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[00 233 WE-** (VII) T«S<i*1l*8IMt 
6«tf>Jl{Mgfc LT(i. Ptttffxy [ 3 , 2 - b ] * 
X/ [2' , 3' . 4. 5] fxy [2. 3-d] f-* 
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mt ix-ma, ( i ) . (in, din, (i 
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4. i vj: 0iSi;ffis.?//x(i4 o o cti±^?a«©i7) 
o . ooi^o. 8a«%(7)Kffl*w* t < , wcff* 

L<!i. 0. 005~0. 5M&%. *t>*F*L<li 
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Ik&OX'X^. 

[ 0 0 2 5 3 *»B^«BR»ffc^ftt 0 . 00 1~0. 
8Mt%#WLfc^*miB$fi. «*SHfc£1ilfc£<8& 
JnLfrir^WHK'O. 8S*K£tt£Tji*fc:#<«* 
aft^fc^LfclWaWt^T. ±l»«II* t 4. 1 

VJ; iJiSWE&tf/X{±4 0 r ULL^lftSTO^SEtt 
jR-f*fcftT*&i:#i.<5)<i&. 0. 8M% 

tow. mmmik&MZ£<m\\i%^mmx. o t 

TO. 001-0. 8MM%miSthZtl l zX 1 0. W 
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(DMC) . .^f-;l/X^-;^---K*-h (M 
EC) . yXW-**-h (DEC) ftfc'cOgttfc* 
hS. fh7tHn77y. 2-.Xf-/Mrb5 
tKD75>. 1, A-i/tt+ry. 1. 2-^h^f 

10 >x;?y. l, 2-vXh*xx?>\ l, 2-i>7> 
^yx?y^!:'(OX-f;H. 7-fc h-h ■JA-fcfcV)- 

[00 27] £ilfcO#*S8ii, 1 BSTCffilB l/t t> 

,*<. tti2mmxtm^i> j txmtxh^\ 
#?mm<n&*&bWi®£mfezti%:^ij s . mm. 

20 «HjWr-iK*- Hi 3 WHk hat 

1.0 0 2 8] *«WC{6fflSfi*fW«t LTJis 
tf . L i P Fe . L i B F4 . L i C 1 04 . L i N ( S 
O2CF3) 2, LiN (SO2C2F5) 2, LiC (SO2 
C F3 ) 3, L i P F4 (CF3) 2. L i PF3 (C2F5) 

3. L i PF3 (CF3) 3, Li PF3 ( i so-C 
3F7) 3, Li PF5 ( i SO-C3F7) KZtfmfbtL 

4. zhhnmmt. lmmx-mix ti<. 2m 
mx±M*--&bM:x&mixt£\-\ zhbmwmt. 

30 mzcoitfcmmzmn 0 . 1-3M, *?4L<{io. 5 
-1. 5M<oairc»i»siiTflMHSii6. 
[0029] *»»o^*sjimu, fltf.tr. Me^# 

( I ) . (II). (ill), (iv). (V) . 

(vo. (vii) x'^tihmmmi^^ 0 *A" 
[00303 mm. m&smnt lxh3j<^v. •? 

\\Mb LXU. LiCo0 2 . LiMn 2 04 . 

LiNi02. LiC01-.Ni.O2 (0. 0 Kx< 
1 ) Kb'ffmfbtlh . LiCoOitLiMri! 
04. L i Co02t L i N i O2. LiMn204i:Li, 

n i ot<r>£oizmmzm£foitxmixh&\ l \ 
[00313 je«4, mw]Em%mmT*-i-u>7 

Wnifl/y (PTFE) . 7K>j7yffcfc*— yfV 
(PVDF) . Xf-Wyfc7*^^'xyc0Sfi-&iW: (SB 
50 R ) . o- h 'J A-k yxy^l^s ( N B 



9/5/2007, EAST Version: 2.1.0.14 



(7) 

1 1 

R) s ij^if^y^iV^Vu-X (CMC) &if<9«g 
yxmzWftlX . ttflk JDB^Sa. 5 0«C~ 2 5 0 
[0032] ftKSftfCfc IXii. VWA&JBfrV* 

wt. ts^ffl (002) oman ( dooz > #o . 33 

5~0. 34 0nm (-fy^-^) T*)Siyaaiga«l 

J: 34Wfiaxfi/y7nti/^-;iy 

^--■KUv- (EPDM) , ^Urh7 7;^oxf-^ 
■ > (PTFE) , X*)yv4kV-VT> (PVDF) . 

xfi/yh^^iy^l^* (sbr) , r^'Jn 

-hV>Vby'?i?2.ye>g£.-&ft (NBR) , 
is**l\*zfi/U—X (CMC ) ^t'co^*ffli:?IMtT 20 

[0033] ^^j^-d^M^wmtmzm^tih 

IS. Oft. :f**$rifaHBB3*i.*. 
-' [00343 *SWtfi»t* 'J AZJWKfi^^JW 
1M ?/K0*jEKHU:» ftfcfWWEi&M. lV^O* 30 
*^£fc*«#*L<. W£#*L<H:4. 2VjjLt, ft 

•y h*7*JEtt, 2 . 0 VULbWSF* L < . XKff* t, 
<I42. 5VJ3LhT*4. «BIK-5UTI4»CIR5eS 

*i* t o-m&v a« o . i ~ 2 c *>je*86JHrc 
ffiffl$ixi»„ ft&mtM 9 iwmsmt. o-ioo 

[0035] 

18*011 . 

C^*«!fiK«0lH!] EC/DEC (£ftJt) =3/7 
^fs*jffiBt«rWR I . ZiXiZ L i P Fe £ 1 MDttKtC 
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=3r^J: 3 lz.®MlX#A<%Mmzm®ilt:®. ££fc3 
-^nof^iy CHR* ( I ) Yi = S s X* = 
CI, X 1 =X 3 = X 4 = H] ZftTMffimzft LX 0 . 

[0036] c u j*zdmMnim& x vmm& 
coffl%.: Licooj aemmn) *8om&%. r 

*L*uy77>v7 (id)) £1 OMM.%. #U7yffc 

b'^'jry (*s*ffl) ^ioas%<osij^fc?i^t, i 
9omm%. ^U7-yfth'-ury ii&m) a oa 

&%co%\£XiMr L , iixtl -p<^-2-tfn'J K 

<0#*1MfiS£i£A3 *T rj >f >-m?ft (Ig2 0mm. 
ftS3. 2 mm) fcfHKLfc. C«3-f>^fS*ffl^ 
T. iSS ( 4 0°C) Ts 0. 8mACr>%M&X'4. 3V 
*T3E«Lfcft. f*±*E4. 3VtLTSlET^ 
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* NOTICES * 

■JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2:**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nonaqueous electrolyte which can offer the lithium secondary 
battery excellent also in cell properties, such as the cycle property of a cell, and electric capacity, a preservation 
property, and the lithium secondary battery using it. 
[0002] 

[Description of the Prior Art] In recent years, the lithium secondary battery is widely used as power sources for a drive, 
such as small electronic equipment. The lithium secondary battery mainly consists of a positive electrode, nonaqueous 
electrolyte, and a negative electrode, and the lithium secondary battery which used lithium multiple oxides, such as 
LiCo02, as the positive electrode, and used the carbon material or the lithium metal as the negative electrode is used 
especially suitably. And as a non-aqueous solvent of the nonaqueous electrolyte for lithium secondary batteries, 
carbonate, such as ethylene carbonate (EC), propylene carbonate (PC), dimethyl carbonate (DMC), diethyl carbonate 
(DEC), and methylethyl carbonate (MEC), is used suitably. 

[0003] However, the rechargeable battery which has the further excellent property about cell properties, such as the 
cycle property of a cell and electric capacity, is called for. Charge and discharge are repeated to the maximum working 
voltage to which the lithium secondary battery using LiCo02, LiMn204, LiNi02, etc. as a positive electrode usually 
exceeds 4.1V. However, this cell had the serious problem as which the fall of capacity is regarded gradually, when 
charge and discharge were repeated over the long period of time. This phenomenon produces cell performance 
degradation, in order that it may carry out oxidative degradation of the part locally and this decomposition product may 
check the desirable electrochemical reaction of a cell, when it charges to the maximum working voltage to which the 
solvent in nonaqueous electrolyte exceeds 4.1V. This is considered to originate in the electrochemical oxidation of the 
solvent in the interface of a positive-electrode ingredient and nonaqueous electrolyte. For this reason, the present 
condition is that cell properties, such as the cycle property of the cell which repeats charge and discharge to the 
maximum working voltage exceeding 4.1V, and electric capacity, are not necessarily satisfactory. 
[0004] The technique which is made to carry out a polymerization to abnormalities when overcharge occurs 
electrochemically on a high electrical potential difference, makes resistance of the electrolytic solution high, and 
protects a cell is opened to JP,9-106835,A by doing about one to 4 capacity % addition of 3-chloro thiophene, a 
thiophene, a furan, etc. However, by JP,1 1-1625 12, A, a cycle is repeated to the electrical-potential-difference upper 
limit which exceeds 4. IV when about one to 4 capacity % addition of these compounds is done, or there is an 
inclination to worsen cell properties, such as a cycle property, in the charge and discharge in the high voltage and/or the 
elevated-temperature condition that it is exposed to a prolonged elevated-temperature condition 40 degrees C or more, 
and it is indicated with increase of an addition that the inclination becomes remarkable. For this reason, the present 
condition is that cell properties, such as the cycle property of a cell and electric capacity, are not necessarily 
satisfactory. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention solves the technical problem about the nonaqueous 
electrolyte for lithium secondary batteries which brings about the fall of a cycle property in the charge and discharge of 
the high voltage and/or an elevated-temperature condition 40 degrees C or more from the above 4.1V. An upper limit 
electrical potential difference sets from 4.1 V to the charge and discharge of the high voltage and/or an elevated- 
temperature condition 40 degrees C or more. It aims at offering the lithium secondary battery which can constitute the 
lithium secondary battery which was excellent in the cycle property of a cell and was further excellent also in cell 
properties, such as electric capacity and a preservation property in a charge condition, and its nonaqueous electrolyte. 
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[0006] 

[Means for Solving the Problem] It sets to the nonaqueous electrolyte by which the electrolyte is dissolved in the non- 
aqueous solvent, and this invention is the following general formula (I), (II), (III), (IV), (V), (VI), (VII), and [0007] in 
said nonaqueous electrolyte. 
[Formula 1 5] 
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[0014] (Y1-Y10 show an oxygen atom, a sulfur atom, and an alkylamino radical among a formula, respectively, and 
X1-X14 show independently a hydrogen atom, the alkyl group of carbon numbers 1-12, the aralkyl radical of carbon 
numbers 7-15, a halogen atom, and the alkyl silyl radical of carbon numbers 1-12, respectively.) Moreover, it may join 
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• 

together mutually and XI, X2 and X2, X3 and X3 ? X4 and X5, X6 and X7, X8, X9, XI 0 and XI 1, and XI 2 may show 
the straight chain of carbon numbers 3-12, the alkylene group of branching, the straight chain of carbon numbers 1-6, 
or the alkylene dioxy radical of branching, m and n show the integer of 0-2, respectively. It is related with the 
nonaqueous electrolyte characterized by at least one or more sorts in the heterocyclic compound expressed containing 
0.001 to 0.8% of the weight to said nonaqueous electrolyte. Moreover, this invention relates to the lithium secondary 
battery characterized by at least one or more sorts in the heterocyclic compound expressed with said general formula 
(I), (II), (III), (IV), (V), (VI), and (VII) in said nonaqueous electrolyte containing 0.001 to 0.8% of the weight to said 
nonaqueous electrolyte in a positive electrode, a negative electrode, and the lithium secondary battery using the 
nonaqueous electrolyte by which the electrolyte is dissolved in the non-aqueous solvent. 
[0015] 

[Embodiment of the Invention] The nonaqueous electrolyte of this invention is used as a configuration member of a 
lithium secondary battery. Especially about configuration members other than the nonaqueous electrolyte which 
constitutes a rechargeable battery, it is not limited but the various configuration members currently used conventionally 
can be used. 

[0016] In the heteiwycHcjcon^ contained in the nonaqueous electrolyte by which 

the electrolyte is dissolved ia^ejion-aqueous solvent, (II), (HI), (fV£ (V), (VIXan d (VII), Y1 -Y10 express an oxygen 
atom, a sulfur atom, and<^nitrogen atomxTo the suhstituen t of a nitrog en atomgan]dkyl group^an aralkyl radical, etc. 
containing a cycloalkyl radicattike^^lKyl group of the shape of branching like a meffiy rgrSup, an ethyl group, a 
propyl group, the alkyl group of the shape of a straight chain like butyl, an isopropyl group, and an isobutyl radical, a 
cyclo propyl group, and a cyclohexyl radical are desirable. XI -XI 4 become independent, respectively. The alkyl group 
[methyl group of carbon numbers 1-12, An ethyl group, a propyl group, the alkyl group; isopropyl group of the shape 
of a straight chain like butyl, the alkyl group of the shape of branching like an isobutyl radical; a cyclo propyl group, a 
cyclohexyl radical (it expresses cyclo-Hex hereafter.) ] and the aralkyl radicals (benzyl — ) of carbon numbers 7-15, 
such as a cycloalkyl radical [ like ] A halogen atom (a fluorine atom, a chlorine atom, a bromine atom, iodine atom) 
and the alkyl silyl radicals of carbon numbers 3-15 (a trimethylsilyl radical, a triethyl silyl radical, a tributyl silyl 
radical, butyldimethylsilyl radical, etc.), such as a phenethyl radical, are desirable. XI, X2 and X2, X3 and X3, X4 and 
X5, X6 and X7, X8, X9, XI 0 and XI 1, and XI 2 are combined mutually. Furthermore, a trimethylene radical, The 
straight chain of the carbon numbers 3-12, such as a tetramethylen radical and 1-methyl trimethylene radical, or the 
alkylene group of branching, The straight chain of the carbon numbers 1-6, such as a methylene dioxy radical, an 
ethylene dioxy radical, a trimethylene dioxy radical, and a propylene dioxy radical, or the alkylene dioxy radical of 
branching may be shown. However, m and n show the integer of 0-2, respectively. 

[0017] As an example of a heterocyclic compound expressed with said general formula (I) In Y1=0, for example, a 
furan [X1=X2=X3=X4=H], 2-methyl [Xl=Me and Furan H] 3-methyl furan [X2=Me, [ X2-X3=X4=] X1=X3=X4=H], 
2, 5-dimethylfuran [Xl=X4=Me, X2=X3=H], 3, 4-dimethylfuran [X2=X3=Me 5 X1=X4=H], 2, 3, a 4-trimethyl furan 
[Xl=X2=X3=Me, X4=H], 2, 3, 4, a 5-tetramethyl furan [Xl=X2=X3=X4=Me], 2-cyclohexyl furan [Xl=cyclo-Hex, 
X2=X3=X4=H], 2-ethynyl [X1=CCH and Furan H] 3-chloro furan [X2-C1, [ X2=X3=X4=] X1=X3=X4=H], 3- 
BUROMO furan [X2=Br, X1=X3=X4=H], 2-trimethylsilyl furan [Xl=SiMe3, X2=X3=X4=H], 3 and 4-ethylene dioxy 
furan - [ - X2 and X3 ~ OCH2CH20 - association, X1=X4=H], 4, 5 and 6, and 7-tetrahydro iso benzofuran - [ ~ X2 
and X3 are mentioned for association, X1=X4=H], etc. by 4 (CH2). In Y1=S, [Xl=X2=X3=X4=thiophene H] 2- 
methylthiophene [Xl=Me, X2=X3=X4=H], 3-methylthiophene [X2=Me, X1=X3=X4=H], 2, 5-dimethylthiophene 
[Xl=X4-Me, X2=X3=H], 3, 4-dimethylthiophene [X2=X3=Me, X1=X4=H], 2, 3, a 4-trimethyl thiophene 
[Xl=X2=X3=Me, X4=H], 2, 3, 4, a 5-tetramethyl thiophene [Xl=X2=X3-X4=Me], 3-cyclohexyl thiophene 
[X2~cyclo-Hex, X1=X3=X4=H], 2-ethenyl thiophene [X1=CHCH2, X2=X3=X4=H], 3-ethenyl thiophene 
[X2=CHCH2, X1=X3=X4=H], 2-ethynyl thiophene [X1=CCH, X2=X3=X4=H], 3-ethynyl thiophene [X2=CCH, 
X1=X3=X4=H], 3-chloro [X2=C1 and Thiophene H] 3-BUROMO thiophene [X2=Br, [ X1=X3=X4=] X1=X3=X4=H], 
3-fluoro thiophene [X2=F, X1=X3=X4=H], A 3-iodine [X2=I and Thiophene H] 2-trimethylsilyl thiophene 
[Xl-SiMe3, X2=X3=X4=H], [ X1=X3=X4=] Association, X1=X4=H], 4, 5 and 6, 7-tetrahydro [benzoc] thiophene 
[X2, and X3 are mentioned by OCH2CH20, and 3, and 4-ethylene dioxy thiophene [X2 and X3 are mentioned for 
association, X1=X4=H], etc. by 4 (CH2). In Yl=NMe, N-methyl pyrrole [X1=X2=X3=X4=H], A 2-methyl-N-methyl 
pyrrole [Xl=Me, X2=X3=X4=H], A 3-methyl-N-methyl pyrrole [X2=Me, X1=X3=X4=H], 2, a 5-dimethyl-N-methyl 
pyrrole [Xl=X4=Me, X2=X3=H], 3, a 4-dimethyl-N-methyl pyrrole [X2=X3=Me, X1=X4=H], 2, 3, 4-trimethyl-N- 
methyl pyrrole [Xl=X2=X3=Me, X4=H], 2, 3 and 4, a 5-tetramethyl-N-methyl pyrrole [Xl-X2=X3=X4=Me], 3- 
cyclohexyl-N-methyl pyrrole [X2=cyclo-Hex, Association, and X3 and X4 are mentioned by 4 (CH2), and 
X1=X3=X4=H], 1, 2, 3, 4, 5, 6 and 7, 8-octahydro-9-methyl carbazole [XI, and X2 are mentioned for joint], etc. by 4 
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(CH2). However, this invention is not limited to these compounds. 

[0018] As an example of a heterocyclic compound expressed with said general formula (II) For example, in Y2=0, 
they are 2 and 2\ - BIFURAN[X5=X6=X9=X10=H, m=0], the 4-methyl -2, 2 , -BIFURAN [X5=Me, X6=X9=X10=H, 
m=0], 3, the 4'-dimethyl -2, 2'-BIFURAN [X5=X9=Me, X6=X10=H, m=0], 2, and 2':5\ 2"-turf run 
[X5=X6=X7=X8=X9=X10=H, m=l], 2, 2':5', and 2 - ":5", 2'" - quarter furan [X5=X6=X7=X8=X9=X10=H, m= 2] 
etc. is mentioned. In Y2=S, 2 and 2 , -bithiophene [X5=X6=X9=X10=H, m=0], the 4-methyl -2, 2'-bithiophene [X5=Me, 
X6=X9=X10=H, The m=0], 4, and 4'-dimethyl -2, 2'-bithiophene [X5=X10=Me, X6=X9=H, m=0], 3 5 3', 4, 4'- 
tetramethyl - 2 2'-bithiophene [X5=X6=X9=X10=Me, m=0], 2, and 2':5', T- TACHIOFEN 
[X5=X6=X7=X8=X9=X10=H - m=l], the 3-methyl -2, 2':5', 2"-TACHIOFEN [X6=Me, It Me(s). 
X5=X7=X8=X9=X10=H, m=l], the 3'-methyl -2, and 2':5*, 2"- TACHIOFEN[X7= - It Me(s). 
X5=X6=X8=X9=X10=H, m=l], 4, and 3" » the - dimethyl -2 and 2':5\ T- TACHIOFEN[X5=X9= - It Me(s). 
X6=X7=X8=X10=H, m=l], 4, and 4" - the - dimethyl -2 and 2':5\ 2"- TACHIOFEN[X5=X10= - It Me(s). X -- six - 
= — X — seven — = -- X — eight ~ - — X — nine — = — H ~ m ~ = — one — ] - three — three — ' three - four - 
four -- ' - four hexamethyl -2 and 2':5*, 2"- TACHIOFEN[X5=X6=X7=X8=X9=X10= m=l], 2, 2':5\ and 2 - 

M :5", 2 m - quarter thiophene [X5=X6=X7=X8=X9=X10=H, m= 2] etc. is mentioned. In Y2=NMe, 1, the 1 '-dimethyl -2, 
2'-bipyrrole [X5=X6=X9=X10=H, m=0], 1, \\ and 1' - '- trimethyl-2, 2':5\ 2" - a - TA-lH-pyrrole 
[X5=X6=X7=X8=X9=X10=H, m= 1] etc. is mentioned. However, this invention is not limited to these compounds. 
[0019] As an example of a heterocyclic compound expressed with said general formula (III), a 2 and 2'-dithio screw 
furan [Y3=S, Y4=S, n= 0]2-[[(2-thienyl methyl) dithio] methyl] furan [Y3=0, Y4=S, n= 1], furftiryl disulfide [Y3=0, 
Y4=0, n= 1], etc. are mentioned, for example. However, this invention is not limited to these compounds. 
[0020] As an example of a heterocyclic compound expressed with said general formula (IV) For example, the [2 and 3- 
Flo b] furan [Y5=Y6=0, XI 1=X12=H], A thieno [2 and 3-b] thiophene [Y5=Y6=S, XI 1=X12=H], A thieno [2 and 3- 
b] furan [Y5=0, Y6=S, XI 1=X12=H], 3-methyl thieno [2 and 3-b] thiophene [Y5=Y6=S, XI l=Me, X12=H], 3, and 4- 
dimethyl thieno [2 and 3-b] thiophene [Y5=Y6=S, XI l=X12=Me] etc. is mentioned. However, this invention is not 
limited to these compounds. 

[0021] As an example of a heterocyclic compound expressed with said general formula (V) For example, the [3 and 2- 
Flo b] furan [Y7=Y8=0, X13=X14=H], A thieno [3 and 2-b] thiophene [Y7=Y8=S, X13=X14=H], A thieno [3 and 2- 
b] furan [Y7=0, Y8=S, X13=X14=H], 3-methyl thieno [3 and 2-b] thiophene [Y7=Y8=S, X13=Me, X14=H], 3, and 6- 
dimethyl thieno [3 and 2-b] thiophene [Y7=Y8=S, X13=X14=Me] etc. is mentioned. However, this invention is not 
limited to these compounds. 

[0022] As an example of a heterocyclic compound expressed with said general formula (VI), a JICHIENO [3, 2-b:2', 3*- 
d] thiophene [Y9=S] is mentioned, for example. However, this invention is not limited to this compound. 
[0023] As an example of a heterocyclic compound expressed with said general formula (VII), a thieno [3 and 2-b] 
thieno (2\ 3', and [4, 5]) thieno [2 and 3-d] thiophene [Y10=S] is mentioned, for example. However, this invention is 
not limited to this compound. 

[0024] When making the heterocyclic compound expressed with a general formula (I), (II), (III), (IV), (V), (VI), and 
(VII) as said heterocyclic compound contained in nonaqueous electrolyte contain, if there are too many the contents, in 
the charge and discharge of the high voltage and/or an elevated-temperature condition 40 degrees C or more, sufficient 
cell engine performance will not be obtained from 4.1V. Moreover, sufficient cell engine performance expected at least 
too much is not obtained. Therefore, since 0.001 - 0.8% of the weight of the range is desirable still more desirable and 
the content raises a cycle property most preferably 0.005 to 0.5% of the weight to the weight of nonaqueous electrolyte 
as for 0.01 - 0.3% of the weight of the range, it is good. 

[0025] Compared with the electrolytic solution with which the nonaqueous electrolyte which contained the heterocyclic 
compound of this invention 0.001 to 0.8% of the weight does not add a heterocyclic compound at all, or the electrolytic 
solution which added many heterocyclic compounds too much exceeding 0.8 % of the weight, it turned out [ to which 
the cycle property of an upper limit electrical potential difference improves by leaps and bounds in the charge and 
discharge of the high voltage and/or an elevated-temperature condition 40 degrees C or more from 4.1 V ] that specific 
and the effectiveness which must have been expected are shown. It is thought that it is the cell voltage below maximum 
working voltage, and is for carrying out a polymerization electrochemically and forming a good thin conductive film 
although this mechanism of action does not escape from a guessed region. That is, if the amount exceeding 0.8 % of the 
weight too much is added, the amount of additives which carries out a polymerization electrochemically increases with 
the cell voltage below maximum working voltage, and in order to form a thick conductive film which spoils the 
reversibility of a cell, it will be thought that cell properties, such as a cycle property, get worse rather than the 
electrolytic solution which does not add a heterocyclic compound at all. Thus, the additive of this invention has the 
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effectiveness that a cycle property improves remarkably, by adding 0.001 to 0.8% of the weight to nonaqueous 
electrolyte. 

[0026] As a non-aqueous solvent used by this invention, for example Ethylene carbonate (EC), Propylene carbonate 
(PC), butylene carbonate (BC), Annular carbonate, such as vinylene carbonate (VC), and lactone, such as gamma- 
butyrolactone Dimethyl carbonate (DMC), methylethyl carbonate (MEC), Chain-like carbonate, such as diethyl 
carbonate (DEC), a tetrahydrofuran, 2-methyl tetrahydrofuran, 1,4-dioxane, 1, 2-dimethoxyethane, Amides, such as 
ester, such as nitril, such as ether, such as 1, 2-diethoxy ethane, 1, and 2-dibutoxy ethane, and an acetonitrile, methyl 
propionate, pivalate methyl, and pivalate octyl, and dimethylformamide, are mentioned. 

[0027] These non-aqueous solvents may be used by one kind, and may be used combining two or more kinds. Although 
especially the combination of a non-aqueous solvent is not limited, various combination, such as combination of 
annular carbonate and chain-like carbonate, combination of annular carbonate and lactone, and combination of three 
kinds of annular carbonate and chain-like carbonate, is mentioned, for example. 

[0028] As an electrolyte used by this invention, for example LiPF6, LiBF4, LiC104, LiN (S02CF3) 2, UN (S02C2F5) 
2 and LiC (S02CF3)3, LiPF4(CF3) 2, LiPF3(C2F5) 3, LiPF3(CF3) 3, LiPF3(iso-C3F7) 3, LiPF5 (iso-C3F7), etc. are 
mentioned. These electrolytes may be used by one kind, and they may be used, combining them two or more kinds. 
0.1-3 M of these electrolytes is usually preferably used by the concentration of 0.5-1.5M, dissolving in the 
aforementioned non-aqueous solvent. 

[0029] The nonaqueous electrolyte of this invention is obtained by mixing the aforementioned non-aqueous solvent, 
dissolving the aforementioned electrolyte in this, and dissolving at least one sort in the heterocyclic compound 
expressed with said formula (I), (II), (III), (IV), (V), (VI), and (VII). 

[0030] For example, the compound metallic oxide of the at least one kind of metal and the lithium which are chosen 
from the group which consists of cobalt, manganese, nickel, chromium, iron, and vanadium as positive active material 
is used. As such a compound metallic oxide, LiCo02, LiMn204, LiNi02, LiCol-xNix02 (0.01 < x<l), etc. are 
mentioned, for example. Moreover, you may use it for LiCo02, and LiMn 204, LiCo02 and LiNi02 and LiMn204, 
mixing suitably like LiNi02. 

[003 1 ] A positive electrode the aforementioned positive active material Electric conduction agents, such as acetylene 
black and carbon black, Polytetrafluoroethylene (PTFE), polyvinylidene fluoride (PVDF), The copolymer (SBR) of 
styrene and a butadiene, the copolymer of acrylonitrile and a butadiene (NBR), After considering as a mixture, this 
positive-electrode ingredient is applied to the lath plate of the aluminium foil as a charge collector, or the product made 
from stainless steel, binders, such as a carboxymethyl cellulose (CMC), and a solvent - kneading - a positive electrode 
— It is produced after desiccation and pressurization molding by heat-treating under a vacuum at the temperature of 50 
degrees C - about 250 degrees C for about 2 hours. 

[0032] As a negative-electrode active material, matter, such as a lithium metal, a lithium alloy, a carbon material 
[pyrolytic carbon, corks, graphite, an organic high-molecular-compounds (artificial-graphite, natural graphite, etc.) 
combustion object, and a carbon fiber] that can emit [ occlusion and ] a lithium, or a compound stannic-acid ghost, is 
used. It is desirable to use the carbon material which has especially the graphite mold crystal structure whose spacing 
(d002) of a lattice plane (002) is 0.335-0.340nm (nano meter), in addition, a powder ingredient like a carbon material ~ 
binders, such as a copolymer (SBR) of an ethylene-propylene-diene terpolymer (EPDM), polytetrafluoroethylene 
(PTFE), polyvinylidene fluoride (PVDF), styrene, and a butadiene, a copolymer (NBR) of acrylonitrile and a butadiene, 
and a carboxymethyl cellulose (CMC), - kneading - a negative electrode ~ it is used as a mixture. 
[0033] Especially the structure of a lithium secondary battery is not limited and the positive electrode of a monolayer or 
a double layer, a negative electrode, the coin mold cell which has a separator and a polymer battery, a cylindrical cell, a 
square shape cell that has the separator of the shape of a roll-like positive electrode, a negative electrode, and a roll 
further, etc. are mentioned as an example. In addition, the fine porosity film of polyolefine well-known as a separator, 
textile fabrics, a nonwoven fabric, etc. are used. 

[0034] It is desirable still more desirable that the electrical-potential-difference range of the charge-and-discharge cycle 
of the lithium secondary battery in this invention has maximum working voltage larger than 4.1V, and more than 4.2 V 
and the most desirable effectiveness big more than 4.3V are acquired. More than 2.0V is desirable still more desirable, 
and cut-off voltage is more than 2.5V. Although not limited especially about a current value, it is usually used by the 
constant-current discharge of 0.1 -2C. 0-100 degrees C is desirable still more desirable, and, as for the temperature 
requirement of a charge-and-discharge cycle, big effectiveness is acquired at 40-80 degrees C. 
[0035] 

[Example] Next, an example and the example of a comparison are given and this invention is explained concretely, 
after preparing the non-aqueous solvent of example 1 [preparation of nonaqueous electrolyte] EC/DEC(capacity factor) 
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♦ 

=3/7, dissolving so that it may become the concentration of 1M about LiPF6 at this, and preparing nonaqueous 
electrolyte - further « 3-chloro thiophene [the inside of a general formula (I), Y1=S, X2=C1, X1=X3=X4=H] was 
added so that it might become 0. 1 % of the weight to nonaqueous electrolyte. 

[0036] [Production of a lithium secondary battery and measurement of a cell property] What mixed acetylene black 
(electric conduction agent) 10% of the weight 80% of the weight, mixed polyvinylidene fluoride (binder) at 10% of the 
weight of a rate, added the 1 -methy 1-2-pyrrolidone solvent to this, and was mixed was applied on aluminium foil, it 
dried, LiCo02 (positive active material) was pressurization-cast, it heat-treated, and the positive electrode was 
prepared. It dried and pressurization-cast, applied what mixed the natural graphite (negative-electrode active material) 
90% of the weight, mixed polyvinylidene fluoride (binder) at 10% of the weight of a rate, added the 1 -methy 1-2- 
pyrrolidone solvent to this, and was mixed on copper foil and heat-treated, and the negative electrode was prepared. 
And using the separator of a polypropylene fine porosity film, the above-mentioned nonaqueous electrolyte was made 
to pour in and the coin cell (3.2mm in the diameter of 20mm, thickness) was produced. After charging to 4.3 V by 
0.8mA constant current under an elevated temperature (40 degrees C) using this coin cell, the bottom of a constant 
voltage was charged as termination electrical-potential-difference 4.3 V for a total of 6 hours. Next, it discharged to 
termination electrical-potential-difference 2.7V under 0.8mA constant current, and this charge and discharge were 
repeated. Initial discharge capacity is 1M. It was 1.03 in the phase contrast when setting the nonaqueous electrolyte 
(example 1 of a comparison) of LiPF6+EC/DEC(capacity factor) =1/2 to 1. Moreover, the discharge capacity 
maintenance factor after the 100 cycles when making initial discharge capacity into 100% was 90.7%. The production 
conditions and cell property of a coin cell are shown in Table 1 . 

[0037] The non-aqueous solvent of example of comparison 1 EC/DEC(capacity factor) =1/2 was prepared, and it 
dissolved so that it might become the concentration of 1M about LiPF6 at this. At this time, the heterocyclic compound 
was not added at all. The coin cell was produced like the example 1 using this nonaqueous electrolyte, and the cell 
property was measured. The discharge capacity maintenance factor after 100 cycles was 63.8% to initial discharge 
capacity. The production conditions and cell property of a coin cell are shown in Table 1 . 

[0038] The example 2 of a comparison - 5 charge termination electrical potential difference, the temperature at the time 
of charge and discharge, and the addition of 3-chloro thiophene were replaced with like a Table 1 publication, and also 
the coin cell was produced like the example 1 of a comparison, and the cell engine performance was measured. The 
production conditions and cell property of a coin cell are shown in Table 1 . 
[0039] 
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[0040] After preparing the non-aqueous solvent of example 2 EC/DEC(capacity factor) =1/2, dissolving so that it may 
become the concentration of 1M about LiPF6 at this, and preparing nonaqueous electrolyte, Furthermore, Y1=S, and 
X2 and X3 used association and X1=X4=H] 0.05% of the weight by OCH2CH20 among the 3 and 4-ethylene 
dioxythiophene [general formula (I) as a heterocyclic compound, and also the coin cell was produced like the example 
1, and the cell engine performance was measured. The discharge capacity maintenance factor after 100 cycles was 
92.4% to initial discharge capacity. The production conditions and cell property of a coin cell are shown in Table 2. 
[0041] The addition of examples 3-53 and 4-ethylene dioxythiophene was replaced with, and also a coin cell is 
produced like an example 2, and the production conditions and cell property of a coin cell which measured the cell 
engine performance are shown in Table 2. 
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[0043] After preparing the non-aqueous solvent of example 6 EC/MEC(capacity factor) =1/2, dissolving so that it may 
become the concentration of 1M about LiPF6 at this, and preparing nonaqueous electrolyte, Furthermore, 2 and 2'- 
bithiophene [the inside of a general formula (II), Y2=S, X5=X6=X9=X10=H, m= 0] was added 0.1% of the weight as a 
heterocyclic compound, and also the coin cell was produced like the example 1 , and the cell property was measured. 
The discharge capacity maintenance factor after 100 cycles was 91.8% to initial discharge capacity. The production 
conditions and cell property of a coin cell are shown in Table 3. 

[0044] 3-methylthiophene [the inside of a general formula (I), Y1=S, X2=Me, X1=X3=X4=H] was added 0.1% of the 
weight as example 7 heterocyclic compound, and also the coin cell was produced like the example 6, and the cell 
property was measured. The discharge capacity maintenance factor after 100 cycles was 92.0% to initial discharge 
capacity. The production conditions and cell property of a coin cell are shown in Table 3. 

[0045] N-methyl pyrrole [the inside of a general formula (I), Yl=NMe, X1=X2=X3=X4=H] was added 0.1% of the 
weight as example 8 heterocyclic compound, and also the coin cell was produced like the example 6, and the cell 
property was measured. The discharge capacity maintenance factor after 100 cycles was 91.3% to initial discharge 
capacity. The production conditions and cell property of a coin cell are shown in Table 3. 

[0046] 3-BUROMO furan [the inside of a general formula (I), YIO, X2=Br, X1=X3=X4=H] was added 0.1% of the 
weight as example 9 heterocyclic compound, and also the coin cell was produced like the example 6, and the cell 
property was measured. The discharge capacity maintenance factor after 100 cycles was 90.7% to initial discharge 
capacity. The production conditions and cell property of a coin cell are shown in Table 3. 

[0047] Furfuryl disulfide [the inside of a general formula (III), Y3=0, Y4=0, n= 1] was added 0.1% of the weight as 
example 10 heterocyclic compound, and also the coin cell was produced like the example 6, and the cell property was 
measured. The discharge capacity maintenance factor after 100 cycles was 92.6% to initial discharge capacity. The 
production conditions and cell property of a coin cell are shown in Table 3. 

[0048] The thieno [3 and 2-b] thiophene [the inside of a general formula (V), Y7=Y8=S, X13=X14=H] was added 

0.1% of the weight as example 1 1 heterocyclic compound, and also the coin cell was produced like the example 6, and 

the cell property was measured. The discharge capacity maintenance factor after 100 cycles was 91 .4% to initial 

discharge capacity. The production conditions and cell property of a coin cell are shown in Table 3. 

[0049] The JICHIENO [3, 2-b:2\ 3'-d] thiophene [the inside of a generai formula (VI) and Y9=S] was added 0.1% of 

the weight as example 12 heterocyclic compound, and also the coin cell was produced like the example 6, and the cell 

property was measured. The discharge capacity maintenance factor after 100 cycles was 91.2% to initial discharge 

capacity. The production conditions and cell property of a coin cell are shown in Table 3. 

[0050] 

[Table 3] 
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[0051] As an example 13 negative-electrode active material, it replaced with the natural graphite and the artificial 
graphite was used, 3 and 4-ethylene dioxythiophene was added 0.1% of the weight, and also the coin cell was produced 
like the example 2, and the cell property was measured. The discharge capacity maintenance factor after 100 cycles was 
93.7% to initial discharge capacity. The production conditions and cell property of a coin cell are shown in Table 4. 
[0052] As example 14 positive active material, replaced with LiCo02, and LiNi0.8Co 0.2O2 was used, and also the 
coin cell was produced like the example 13, and the cell property was measured. The discharge capacity maintenance 
factor after 100 cycles was 91 .9% to initial discharge capacity. The production conditions and cell property of a coin 
cell are shown in Table 4. 

♦ 

[0053] As example 15 positive active material, replaced with LiCo02, and LiMn 204 was used, and also the coin cell 
was produced like the example 13, and the cell property was measured. The discharge capacity maintenance factor after 
100 cycles was 93.3% to initial discharge capacity. The production conditions and cell property of a coin cell are 
shown in Table 4. 
[0054] 
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[0055] As mentioned above, when the heterocyclic compound was added 0.001 to 0.8% of the weight, compared with 
the nonaqueous electrolyte which does not add at all the nonaqueous electrolyte which added the heterocyclic 
compound too much exceeding 0.8 % of the weight, or a heterocyclic compound, it turned out that the electrical- 
potential-difference upper limit excels 4.1 V in the cycle property clearly in the charge and discharge of the high voltage 
and/or an elevated-temperature condition 40 degrees C or more. 

[0056] In addition, this invention is not limited to the example of a publication, but various combination which can be 
guessed is easily possible for it from the meaning of invention. Especially the combination of the solvent of the above- 
mentioned example is not limited. Furthermore, although the above-mentioned example is related with a coin cell, this 
invention is applied also to the cell for a cylindrical shape, a prism form, and polymers. 
[0057] 

[Effect of the Invention] According to this invention, the lithium secondary battery excellent in cell properties, such as 
the cycle property of a cell, electric capacity, and a preservation property, can be offered. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the nonaqueous electrolyte by which the electrolyte is dissolved in the non-aqueous solvent — setting 
insick_of said-nonaqueous electrolyte — the following general formula (I), (II), (III), (IV), (V), (VI), (VII), and 
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(Y1-Y10 show an oxygen atom, a sulfur atom, and an alkylamino radical among a formula, respectively, and XI -XI 4 
show independently a hydrogen atom, the alkyl group of carbon numbers 1-12, the aralkyl radical of carbon numbers 7- 
15, a halogen atom, and the alkyl silyl radical of carbon numbers 1-12, respectively.) Moreover, it may join together 
mutually and XI, X2 and X2, X3 and X3, X4 and X5, X6 and X7, X8, X9, X10 and XI 1, and X12 may show the 
straight chain of carbon numbers 3-12, the alkylene group of branching, the straight chain of carbon numbers 1-6, or 
the alkylene dioxy radical of branching, m and n show the integer of 0-2, respectively. Nonaqueous electrolyte 
characterized by at least one or more sorts in the heterocyclic compound expressed containing 0.001 to 0.8% of the 
weight to said nonaqueous electrolyte. 

[Claim 2] the lithium secondary battery using a positive electrode, a negative electrode, and the nonaqueous electrolyte 
by which the electrolyte is dissolved in the non-aqueous solvent - setting ~ the inside of said nonaqueous electrolyte - 
the following general formula (I), (II), (III), (IV), (V), (VI), (VII), and [Formula 8] 
X 2 X 3 



[Formula 9] 

X 5 X 6 /7 X 8 X 9 X 10 

rt 

Y 2 



[ Form ula 10] 
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[Formula 12] 
X 13 y 8 

V^x 14 

[Formula 13] 
Y 9 



(v) 



Y 9 



(VI) 



[Formula 14] 

v 10 v 10 
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(Y1-Y10 show an oxygen atom, a sulfur atom, and an alkylamino radical among a formula, respectively, and XI -XI 4 
show independently a hydrogen atom, the alkyl group of carbon numbers 1-12, the aralkyl radical of carbon numbers 7- 
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45, a halogen atom, and the alkyl silyl radical of carbon numbers 1-12, respectively.) Moreover, it may join together 
mutually and XI, X2 and X2, X3 and X3, X4 and X5, X6 and X7, X8, X9, X10 and XI 1, and X12 may show the 
straight chain of carbon numbers 3-12, the alkylene group of branching, the straight chain of carbon numbers 1-6, or 
the alkylene dioxy radical of branching, m and n show the integer of 0-2, respectively. Lithium secondary battery 
characterized by at least one or more sorts in the heterocyclic compound expressed containing 0.001 to 0.8% of the 
weight to said nonaqueous electrolyte. 

[Translation done.] 



http://ww4.ipdl.inpit.gojp/cgi-b^ 9/5/2007 



